Introduction
An intriguing discovery in the first leg of the Cajon Pass deep drillhole (CPDDH) is the ubiquitous occurrence of zeolites as: 1) fracture-fillings and 2) localized replacement of rock along fault zones in all of the diverse rock types of the basement (Silver and James, this volume). Zeolites are believed to play an important role in determining fracture permeability, composition of geothermal fluids, and geophysical properties of the rocks at Cajon Pass. Their influence on the consfitutive properties of rock in and near the San Andreas fault may be large and in turn affect the seismic behavior of the fault. Zonation of the zeolite mineral assemblages may provide important information about the structural history and uplift in the Cajon Pass area.
Methods
The distribution, mineralogy, and stmctmal associations of zeolites were studied as part of the comprehensive geologic and geochemical investigations related to the CPDDH. Methods included mapping of fractures and faults in the cores, examination of cuttings, petrographic study of thin-sections, analysis of fracture-filling minerals by X-ray powder diffraction (XRD) methods, and examination of fractures and zeolites in nearby surface exposures. Samples for XRD analysis were genfiy powdered in an agate mortar and deposited with acetone on glass slides. Diffraction patterns were generated on a Scintag PAD V diffractometer using CuK alpha radiation. Our investigations have shown the typical relative radioactivitites of these accessory minerals in many rocks are also allanite > zircon > titanite > apatite. Initial isotope dilution mass spectrometric analyses of the radioactive accessory minerMs in cores 17 and 33 are consistent with this ranking. We conclude that the halos are a radiation-correlated phenomenon. To our knowledge, this is the first report of radiation-related halos in zeolite group minerals.
Vertical Zonation of Zeolites
There is an important zonation of zeolite speciation in the CPDDH (Figure 3 We are currently investigating whether the halos developed around accessory minerals in laumontite and sfilbite may allow more quantitative age estimates to be made for the mineralizafion. If the development of halos is a simple radiation-induced process without an erasure mechanism their intensity should be a function of the radioactivity of the accessary mineral and the time since the accessory mineral was incorporated in the zeolite matrix. An understanding of the coloration process is necessary to establish a rate constant for its development. We are also exploring the possibility of using uranium series parent-daughter disequilibrium dating of the zeolites themselves. The role of fault zone rock and mineral composition in the regional seismic behavior of the San Andreas fault has been discussed by several investigators. Allen (1968) proposed a special role for serpentine in localizing fault creep. Wang and his colleagues (1978, 1984, 1986) Finally, if zeolitization is a pervasive phenomenon at depth along segments of the San Andreas fault, its potential response to critical changes in pore pressure resulting from accumulating strain might be considered a factor in seismic behavior.
